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[Claims] 

[Claim 1] Production of powdery rare earth-transition metal 
alloy with the following characteristic: 

Coprecipitated fine particles, obtained by coprecipitating a 
solution consisting of a rare earth element and transition metal salt 
with an alkali solution, are heated to approx. 600 - 1000°C in air to 
produce a fine-powdery rare earth element- transition metal composite 
oxide, which is further heated to 700 to 1,000°C in the presence of a 
reducing agent under an inert gas for reduction. 
[Detailed Explanation of this Invention] 
[0001] [Industrial Field] 

This invention pertains to a production method of powdery rare 
earth-transition metal alloy and is particularly associated with a 
production of powdery rare earth- transition metal alloy having a 
fixed alloy composition ratio. 
[0 002] [Conventional Technology] 

Rare earth-transitional metal alloy (e.g., SmC0 5 , SmCOi 7 , 
Nd 2 Fei 4 B) , being utilized as a permanent magnetic material applied in 
a wide range of fields, such as electric apparatus motors, sound 
equipments, and generator, is much researched for developing new 
materials and improved characteristics. 

[0003] Also, SmFe 2/ TbFe 2 , and TbDyFe 2 , which are a kind of rare 
earth-transitional metal alloys and magnetic distortion materials 
producing significant distortion with a magnetic field, are being 
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researched and developed for the sensor and actuator application 
fields . 

[0004] To produce a rare earth- transition metal alloy utilized 
in various fields, an alloy formation method utilizing a 
solubilization technique consisting of the following series of 
procedures is performed ("Magnetic Magnet Materials for Engineers'', 
ppl52, Nikkan Kogyo Shinbunsha, 1991): Raw material composition - 
Melting - Molding - Rough pulverization - Fine pulverization - 
molding in magnetic field sintering - solution annealing - timed 
treatment - polishing process - product 

[0005] However, this method has the following problems: 

(1) Due to impure materials mixed during the pulverization 
process, deterioration of magnetic characteristic is unavoidable. 

(2) As the heat processing temperature is so high to cause 
evaporation of rare earth substances, such as Sm and Dy, controlling 
the composition is difficult. 

(3) As a heat-proof material is required for a high temperature 
heat processing, production cost cannot be lowered. 

(4) Segregation of alloy caused by a peritectic reaction unique 
to the solubilization method results in composition fluctuation, 
making it difficult to improve the reproducibility of magnetic 
characteristic . 
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[0006] [Problems to Be Solved by this Invention] 

The purpose of this invention is to provide a production method 
of rare earth - transition metal alloy powder that can control the 
alloy composition without utilizing the conventional solubilization 
method. 

[0007] [Method to Solve the Problems] 

The purpose of this invention described above can be achieved by 
providing a production method. of powdery rare earth- transition metal 
alloy with the following characteristic: 

Coprecipitated fine particles, obtained by coprecipitating a 
solution consisting of a rare earth element and transition metal salt 
with an alkali solution, are heated to approx. 600 - 1000°C in air to 
produce a fine-powdery rare earth element-transition metal composite 
oxide; this powdery composite oxide is further heated to 700 to 
1 / 000°C in the presence of a reducing agent under an inert gas to 
produce the objective fine-powdery rare earth element- transition 
metal alloy. 

[0008] As a rare earth salt, water-soluble halide or nitrate of 
a rare earth element such as Dy, Sm, Tb, Ho, is used. Also, as a 
transition metal element, a water-soluble halide, nitrate, sulfate, 
oxalate, or the like of a transition metal such as Fe, Co, Ni, is 
used. Those water-soluble salts are mixed at a specific mol ratio of 
preparing alloy composition and used as a solution. 
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[0008] This mixed solution is coprecipitated by adding an alkali 
solution (e.g., aqueous ammonia, an NaOH aqueous solution, potassium 
hydroxide solution) . In practical application, a mixed solution is 
dripped in a stirred alkali solution of desired alkali pH; by 
continuously stirring the solution after the completion of dripping, 
a suspension liquid is formed. The solution is water-washed until 
the pH of this suspension liquid reaches 8-10. Then, the solution 
is subjected to filtration. The collected coprecipitated fine 
particles whose average particle diameter is 0.1 to 1 p are dried at 
approx. 20 - 300°C under reduced pressure. 

[0010] The acquired dried coprecipitated fine particles are 
further heated to approx. 600 to 1,000°C, preferably approx. 800 to 
1,000°C for approx. 1-3 hours in the air to produce a rare earth 
and transition metal composite oxide powder. 

[0 011] The produced composite oxide powder is reduced in the 
presence of a reducing agent such as Ca, Mg, or CaH 2/ under an inert 
gas such as Argon or nitrogen, at approx. 700 to 1,000°C, preferably 
approx. 750 to 850°C for approx. 1/4 - 5 hours. After water washing 
was repeated to remove the reducing agent included in the reduced 
product, the objective fine-powdery rare earth element-transition 
metal alloy can be produced by drying the material at room 
temperature under reduced pressure. 
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[0012] [Effectiveness of this Invention] 

This invention provides the following effectiveness: 

(1) Since a pulverization process required by a solubilization 
method is not necessary, mixing of impure substances can be avoided, 
thus preventing the deterioration of magnetic characteristic. 

(2) Since the heat-processing temperature is relatively low, 
controlling the alloy composition is relatively easy, while the 
production cost can be reduced. 

(3) Materials can be made into an alloy in a solid phase 
reaction without causing the segregation of alloy due to peritectic 
reaction unique to the solubilization method. Particularly, as an 
alloy can be prepared using an oxide composite having uniformly 
dispersed rare earth and transition metals, composition variations in 
the alloy can be drastically suppressed, thus being able to provide 
reproducibility of alloy of selected composition ratio. 

[0013] [Operational Examples] 

The following explains the operational examples of this 
invention. 

[0014] Operational Example: 

10.72 g of DyCl 3 -6H 2 0 (purity: 99.9%) and 15.38 g of FeCl 3 -6H 2 0 
(purity: 99.9%) were dissolved in 100 ml of water to prepare a water 
solution containing dysprosium and iron water. 
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[0015] While stirring the ammonia water in a separable flask 
equipped with a baffle (volume = 500 ml) , said water solution was 
dripped at a speed of 3 ml/min. Then, the mixture was continuously 
stirred for the next 1 hour. The obtained suspended liquid was 
washed with water until pH became 8-10 and filtered. The collected 
coprecipitated fine particles were dried at 250°C at reduced 
pressure, heated at 100°C in the air for 1 hour. As a result, 
dysprosium and iron oxide composite powder was obtained. 

[0016] This oxide composite powder (0.237 g) and calcium 
hydroxide CaH 2 (0.684 g) were mixed and heated for 15 minutes at 800°C 
in argon gas .for reduction. Then, after the reduced product was 
repeatedly washed with water in order to remove the Ca and CaO in the 
product, the product was dried at room temperature at reduced 
pressure to prepare dysprosium and iron alloy powder. 

[0017] The obtained alloy powder had 5 - 10 jam particle 
diameter. The atomic composition ratio of this powder was Fe : Dy = 
2 : 1 (measured using an induction bonding type plasma emission 
analysis device) . Therefore, the alloy was confirmed as a DyFe 2 
alloy. The measured magnetic characteristic (magnetic distortion 
constant A) of DyFe 2 prepared from this alloy powder was "X = 433 x 
10~ 6 " with excellent reproducibility. 
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